Key words: Cricetomys gambianus; Trypanosoma congolense infection; Trace element; Sexual differences. Waterhouse (African Giant Rat), an important source of animal protein in the sub-Saharan rural communities, is on-going. However, there are no baseline data on the trace element profile of this rat, in health and in disease. Therefore, this study determined the sexual differences in the effect of Trypanosoma congolense infection on the levels of plasma and erythrocyte trace elements in the adult rats. Twenty rats were divided into four groups comprising of five rats each. The infected female (IF) and male (IM) groups received T. congolense (Bassa strain; 3.75 × 10 5 trypanosomes/ml/rat), intraperitoneally, while the control groups (CF and CM) received normal saline. The plasma and cytosol (10% erythrocytes) levels of Mg, Mn, Cu, Fe and Zn were determined on Day 12 post-infection, using atomic absorption spectrophotometry. Plasma Mn level was significantly decreased (p<0.001) in the IM (10.35±0.82ppm) relative to the MC (13.99±0.56 ppm) but non-significantly altered (p>0.05) in the IF (7.54 ± 0.68 ppm) relative to the CF (6.82±0.48ppm). Plasma Zn level was also significantly decreased (p<0.001) in the IM (0.48±0.06ppm) relative to the MC (2.03±0.14ppm) but non-significantly altered (p>0.05) in the IF (1.58±0.39ppm) relative to the CF (2.69±0.47ppm). Erythrocyte Cu levels showed significant (p<0.001) sex and infection effects: (CM 0.76±0.34 ppm; IM 0.22±0.08 ppm; CF 4.79±0.49 ppm and IF 2.96±0.24 ppm). Significant (p<0.05) sex and infection effects were also observed in the erythrocyte Zn levels with the IM (3.97±0.4ppm) being lower than the IF (4.33±0.91ppm), and IF (4.33±0.91ppm) being lower than CF (10.18±1.08 ppm) and CM (7.74 ± 2.34 ppm) being lower than CF (10.18±1.08 ppm). Trypanosoma congolense infection and/or sexual differences altered the levels of Copper, Manganese and Zinc in the African giant rat. These observations may be important in the management of trypanosomosis in naturally susceptible animals.
Introduction
African trypanosomosis is a multi-disease syndrome, caused by various trypanosomes transmitted by the vector tsetse fly, Glossina spp (Anene et al., 2001) . It affects both humans and domestic animals (Kabayo, 2004) . The clinical manifestations of the infection include progressive anaemia, leucocytosis, lethargy, inappetence, oedema and weight loss (Mwangi et al., 1995) . Even though other aspects of the disease have been investigated, the impact of trypanosome infection on trace element status has not been fully explored. Trace elements have been shown to perform crucial roles in activating tissue enzymes, immune defence, co-factors in protein synthesis, among other functions (Neils et al., 2008) . Systemic alterations of these vital micro-minerals portend grave risk to the health of the animals or humans concerned (Awolaja et al., 2007) . In a prior investigation carried out in the sheep, T. congolense infection had no effects recorded on serum cobalt levels while there was an increase recorded in serum manganese levels post-infection (Neils et al., 2008; 2010) . This study, therefore, seeks to investigate the response of trace element metabolism in the African giant rats (AGR) experimentally infected with T. congolense.
2.Materials and methods

Experimental Animals:
Twenty African giant rats (Cricetomys gambianus Waterhouse), (10 males and 10 females), were used. The animals were housed in separate cages in the Experimental Animal Unit, Faculty of Veterinary Medicine, University of Ibadan, Nigeria. The rats were fed daily on a diet comprising fresh cassava tubers and pelleted feed (Livestock feeds, Mouse cubes (R) ) with water provided ad libitum. The rats were initially divided into two major groups: Control (C) and Infected (I) of ten animals each. Each group was further subdivided into Female (CF and IF) and Male (CM and IM) of five rats each. Animals in the trypanosome-infected groups were infected with 1ml of donor blood containing 3.74 x 10 5 parasites (Trypanosoma congolense, Basa strain) administered intra-peritoneally while those in the control groups received 1 ml of the vehicle, normal saline per rat. Sample collection Plasma: Each rat was deeply anaesthetised with 25% urethane (0.6ml/100g) injected intra-peritoneally on day 12. After inducing anaesthesia, blood was collected through cardiac puncture and immediately transferred into lithium heparinised tubes. The heparinised blood was spun at 3000 rpm for 10minutes in a laboratory centrifuge. The supernatant, plasma, was decanted into well-labelled Ependorf tubes and stored.
Preparation of cytosol from 10% erythrocyte:
The cytosol was prepared by a modification of the method of Wosu (1984) . Briefly, the plasma-free erythrocytes were suspended in 0.9% lithium chloride (prepared with double de-ionised water) at a ratio of 1: 2 (rbc : LiCl, respectively) and washed by spinning at 3000 rpm for 10 minutes. The supernatant was discarded and as much of the buffy coat layer as possible removed. The sediment was re-suspended in LiCl and the procedure repeated until the supernatant became clear. The haematocrit value of the washed erythrocytes was then determined. With the known haematocrit value, a preparation of 10% erythrocytes suspension, in de-ionised water, was made. The ensuing mixture was shaken vigorously, lysing the red blood cells. This mixture was then centrifuged at 3000 rpm for 10minutes after which the supernatant (cytosol) was then decanted into an Ependorf tube and labelled.
Analyses of samples:
Each sample was analysed for copper, iron, magnesium, manganese and zinc using an Atomic Absorption Spectrophotometer (AAS) (Model AA320N) The data obtained were subjected to two-way analysis of variance (ANOVA) and Duncan Multiple Range Test (DMRT) using SAS programme (SAS/STATR 9.2).
3.Results
Plasma Copper (Cu)
The plasma levels of Cu in all the groups of AGR are as shown in Table 1 , Figure 1 . There were no significant (p>0.05) changes in the mean plasma copper levels in all the groups. However, higher levels of plasma Cu were observed in the female AGR, irrespective of their health status, relative to their male counterparts. Similarly, slightly increased plasma Cu levels (hypercupraemia) were observed in the infected groups (IM 1.088±0.223 ppm; IF 1.95±0.782 ppm) relative to their respective noninfected pairs (CM 0.783±0.41ppm; CF 1.34±0.12 ppm).
Cytosol Copper (Cu)
The levels of Cu in the CF, CM, IF and IM groups are as shown in Table 2 , Figure 2 . Generally, the CF and the IF groups have higher levels of Cu than their respective male counterparts. A significant (p<0.001) hypocupraemia was seen in the T. congolenseinfected groups relative to their respective sex-based control groups. Plasma Iron (Fe) Generally, the male rats were observed to have higher plasma levels of iron than the female, irrespective of their health status (Table 1, Figure 1 ). There were, however, no significant differences (p>0.05) between the plasma iron levels in the four groups of animals as shown in Table 1 . The plasma level of Fe was slightly increased in the IM group (4.17 ± 1.37 ppm) relative to the CM group (2.657 ± 0.49 ppm) and nonsignificantly decreased in the IF group (1.84 ± 0.95 ppm) relative to that of CF (2.01 ± 0.52 ppm) as shown in Table 1 .
Cytosol Iron (Fe)
The female groups of AGR were observed to have non-significantly (p>0.05) increased levels of Fe in their cytosol relative to their respective male pairs. However, the cytosol levels of Fe were not significantly (p>0.05) changed in the four groups (Table 2, Figure 2 ). The Fe level of the IM group (353.9±55.5) was non-significantly decreased relative to the CM group (429.6 ± 81.8). A similar trend was observed in the female groups: a non-significant (p>0.05) hypoferraemia in the IF (359.8±42.8 ppm) relative to the CF (477.2±69.7) as shown in Table I shows the plasma levels of Mn in the various treatment groups. A very significant (p<0.001) hypomanganesaemia was observed in the IM (10.35 ± 0.82 ppm) relative to the CM (13.99±0.56 ppm). In the female groups, however, non-significant (p>0.05) hypermanganesaemia occurred in the infected group (7.54±0.68 ppm) relative to the control group (6.82±0.48 ppm). The plasma Mn level in the CM (13.99±0.56 ppm) was observed to be significantly (p<0.001) higher than that of the CF group (6.82± 0.48 ppm) and that of the IM was equally significantly higher than in the IF.
Cytosol Mn
The mean manganese levels in the treatment groups were non-significantly different (p>0.05) from each other as shown in Table 2 and Figure 2 . However, the T. congolense-treated groups of AGR showed slight hypomanganesaemia relative to their respective sexbased controls. Non-significant hypermanganesaemia were observed in the male AGR, in health and in disease, relative to their respective female group pairs. Plasma Zinc (Zn) There was a significant (p<0.001) decrease in the plasma Zn levels in IM relative to CM (2.03±0.14 ppm and 0.48±0.06 ppm), a non-significant hypozincaemia was however observed in the plasma zinc level of the female counterpart (Table1 and figure 2 ). The levels of Zn in the CF and the IF groups (2.69±0.47 ppm and 1.58 ± 0.38 ppm, respectively) were observed to be higher than those of their respective male counterparts (CM = 2.03±1.14 ppm and IM = 0.48±0.06 ppm, respectively). Cytosol Zinc (Zn) A significant (p<0.05) decrease was observed in the cytosol Zn values of the T. congolense-treated adult female AGR as shown in Table 2 . Generally, the female groups had higher Zn values (hyperzincaemia) than their male counterparts. However, hypozincaemia was observed in all the trypanosometreated groups relative to their respective sex-based controls. 
Discussion
Anaemia is a feature of trypanosomosis. Moreso trace elements in the body have physiological roles they play in the general body functioning, in growth and normal tissue development. The study of trace elements status in disease and other conditions is also very important in veterinary practice, especially the knowledge of the role trace elements play in the pathology of trypanosomosis.
Iron (Fe)
The plasma iron level was observed to be generally but non-significantly higher in both male control and male infected AGR than their female counterparts in this current study. This observation in the AGR is contrary to the reported finding of Kaldor, 1954 that there is no sex difference in total iron content in rats. The erythrocyte iron content in the female AGR groups was found to be higher than those of their male counterparts. This agrees with the report of Otis and Smith, 1940 that female rats have a higher total body iron than the male. It was also observed that the erythrocyte iron level of the AGR was significantly higher than that of its plasma. And this agrees with the claim of Underwood, 1971 that iron occurs in the blood as haemoglobin in erythrocyte and in the plasma as transferring in a ratio of nearly 1000:1. Fe has been found to be a component of haemoglobin and it is present in the plasma as transferrin (Underwood, 1971) . The hypoferraemia observed in the Trypanosoma congolense-infected AGR agrees with the work done by Anosa and Kaneko (1983) in the Deer mice (Perromyssus maniculatus). The hypoferraemia can be said to be due to increased demand for Fe for erythropoiesis (Anosa and Kaneko, 1983 ) and increased destruction of red blood cells with iron storage in spleen and microphages (Underwood, 1971) . Hyperferraemia was however reported in a chronic T. brucei infection of sheep by Ogunsanmi et al. (1994) . Copper (Cu) Female rats were observed to have higher plasma and erythrocyte Cu values than male rats both in control and infected animals. This is similar to the findings of Underwood (1977) that plasma Cu is higher in human females than males. Underwood (1977) , however, said that there were no significant sex differences in either whole blood or plasma Cu in most species. Cu is essential for blood formation in rats (Hart et al., 1931) . It is also essential for the utilization of Fe and red cell maturation (Maynard et al., 1979) . Hence in Cu deficiency, erythropoiesis is impaired, and there will be a more severe anaemia. The hypercupraemia observed in the plasma of the trypanosome-infected male and female AGR could be a reflection of the leaching of Cu, and the resultant hypocupraemia, from the cytosol of T. congolense-damaged erythrocytes. The observed plasma hypercupraemia agrees with the report of Ogunsanmi et al. (1994) that there was an increase in the plasma Cu level during the acute phase of T. brucei infection in sheep. Ogunsanmi et al. (1994) , however, observed a decrease in plasma Cu level at the chronic phase of the disease. Saror (1976) reported that Cu values fluctuate in T. vivax-infected cattle. Magnessium (Mg) Relative hypomagnesaemia was observed in the erythrocyte of IM (relative to CM) and CF (relative to IF) and the plasma of CM (relative to IM) and IF groups. In addition, the plasma of female rats (CF) had a higher value of Mg than the male rats (CM) but the value in the IF eventually became lower than that of the IM, which shows that the rate of depletion of magnesium in female is higher than that of the male. The explanation for these variations awaits further studies. Suffice it to say that hypomagnesaemia and Mg deficiency is associated with anorexia, calcification of soft tissue and reduced performance in animal (Moore et al., 1938) and that Mg plays a vital role in carbohydrate and lipid metabolism as a catalyst of several enzymes (Blater et al., 1954) . Manganese (Mn) Manganese in the blood varies widely in concentrations (Underwood, 1977) . Manganese is necessary for the maintenance of the structure of the cell membrane and it functions as cofactor for a variety of cellular metabolism (Roth et al., 2013) . Thus, trypanosome-induced disruptions in the metabolism of Mn in the AGR may be one of the pathways through which the lysis of erythrocytes and its associated anaemia is exacerbated. Sex difference in the level of Mn was observed to be very significant in the AGR; with the male having a higher level of erythrocyte and plasma Mn than the female. This could be a reason why the T. congolenseinfected male AGRs were slightly more refractory to anaemia and hence survived longer than their female counterpart.
Zinc (Zn)
A non-significant fall in plasma Zn level and significant fall in the erythrocyte Zn level were observed in T. congolense-infected groups of AGRs in this study. Zn has been found to play an important role in the process of DNA synthesis in mammals (Williams and Chester, 1970 ) since a precise quantity of Zn is required before embarking on cell division (Smith and Gawthorne, 1975) . Zinc stabilizes red cell membrane (Keen and Graham, 1989) . Smith and Gawthorne (1975) reported that the effect of Zn deficiency is most pronounced in rapidly proliferating tissue.
Conclusion
This work has shown that Trypanosoma congolense infection affects the trace element metabolism of the African giant rat. It has also established the baseline data for the plasma and erythrocyte levels of copper, iron, manganese, magnesium and zinc in the adult female and the male African giant rats (AGRs). The plasma iron levels were higher in the male AGRs than the female AGRs in control group and infected groups while erythrocyte Fe content was higher in the female AGRs than the male AGRs in the control and infected groups. Plasma and erythrocyte Cu levels were lower in the male AGRs than the female AGRs in both control and infected groups. Normal female AGRs had higher plasma Mg values than their male counterparts but the infected female AGRs had lower plasma Mg values when compared to the male counterparts. Male AGRs have higher plasma and erythrocyte Mn values than the female control and infected counterparts. Plasma and erythrocyte Zn values were higher in female than male in both control and infected groups. Generally, plasma levels of Mn and Fe were higher in control and infected male AGRs while Mg was higher only in the infected male AGRs than female AGRs. Magnesium is lower in control male AGRs than the female counterpart. Also Cu and Zn are lower in both the control and infected male AGRs. The erythrocyte levels of Mg and Mn were higher in both control and infected male groups of AGRs while those of Fe, Cu and Zn were lower in both the control and infected male AGRs than female AGRs.
